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Preface 


The  investigation  described  in  this  report  was  conducted  for  the  U.  S. 
Army  Corps  of  Engineers  Missile  Construction  Office,  Norton  AFB,  California, 
by  the  Concrete  Technology  Division  (CTD)  of  the  Structures  Laboratory  (SL) , 

U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES).  Authorization  for 
the  investigation  was  given  in  DA  Form  2544,  No.  E87  83-7165,  dated  21  March 
1983. 

The  investigation  was  performed  under  the  general  supervision  of  Mr. 
Bryant  Mather,  Chief,  SL,  and  Mr.  John  M.  Scanlon,  Chief,  CTD,  and  under  the 
direct  supervision  of  Mr.  Kenneth  L.  Saucier,  Principal  Investigator.  Mr. 
Donald  M.  Walley,  CTD,  proportioned  the  concrete  mixtures.  This  report  was 
prepared  by  Mr.  Saucier. 

Funds  for  publication  of  this  report  were  provided  from  those  made 
available  for  operation  of  the  Concrete  Technology  Information  Analysis  Center 
(CTIAC) .  This  is  CTIAC  Report  No.  70. 

Commander  and  Director  of  WES  during  the  investigation  and  the  prepara¬ 
tion  and  publication  of  this  report  was  COL  Tilford  C.  Creel,  CE.  Technical 
Director  was  Mr.  F.  R.  Brown. 
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Conversion  Factors,  Non-SI  to  SI  (Metric) 
Units  of  Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 


(metric)  units  as  follows: 

Multiply 

By 

To  Obtain 

inches 

0.0254 

metres 

pounds  (force)  per  square  inch 

6894.757 

pascals 

pounds  (mass) 

0.45359237 

kilograms 

pounds  (mass)  per  cubic  yard 

0.5932764 

kilograms  per  cubic  metre 

HIGH-STRENGTH  CONCRETE  FOR  PEACEKEEPER  FACILITIES 


Background,  Purpose,  and  Scope 

Background 

1.  Previous  work  has  indicated  that  concrete  with  a  compressive  strength 
of  10,000  psi*  is  achievable  with  present-day  technology  and  materials.  Quality 
materials,  use  of  a  low  water-cement  ratio  (W/C),  and  admixtures  are  required. 
More  recently  the  use  of  more  effective  admixtures,  known  as  high-range  water- 
reducing  admixtures  (HRWRA),  and  a  very  fine  silicon-dioxide  powder,  known  as 
silica  fume,  have  shown  promise  for  increasing  the  compressive  strength  of 
portland-cement  concrete  above  10,000  psi. 

Purpose 

2.  The  purposes  of  this  program  were  (a)  to  conduct  a  study  of  the  pro¬ 
cesses  and  techniques  required  to  produce  portland-cement  concrete  with  a  com¬ 
pressive  strength  of  15,000  psi  or  greater  using  conventional  concreting  meth¬ 
ods  and  equipment,  and  (b)  to  develop  physical  property  data  on  the  mixtures. 
Special  materials  and  admixtures  were  permitted,  but  the  aggregates  and  cements 
were  selected  from  those  available  in  the  Cheyenne,  Wyoming,  area. 

Scope 

3.  The  study  consisted  of  the  necessary  investigation  of  materials  and 
methods  to  produce  15,000-psi  concrete.  The  slump  was  allowed  to  vary  between 
2  and  8  in.  Tests  included  compressive  strength  at  different  ages,  tensile 
strength,  elastic  properties,  resistance  to  freezing  and  thawing,  shrinkage, 
creep,  and  loss  of  slump  with  time. 


Materials,  Mixtures,  and  Tests 


Materials 

4.  One  granite  coarse  aggregate,  designated  OM  19  G-l,  one  limestone  ag¬ 
gregate,  designated  OM  19  G-2,  and  one  limestone  sand,  designated  OM  19  S-l, 
were  received  for  use  in  the  study.  Both  project  coarse  aggregates  were  washed 
prior  to  use.  The  granite  was  also  screened  over  a  1-in.  sieve  to  remove 

*  A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI  (metric) 
units  is  presented  on  page  3. 


oversize  material.  In  addition,  a  laboratory  rock  was  used  in  a  number  of  mix¬ 
tures  when  it  became  apparent  that  the  large  number  of  trial  batches  required 
would  exhaust  the  supply  of  project  aggregate  before  all  the  physical  property 
tests  could  be  conducted.  A  local  chert  aggregate  and  a  local  lightweight  ag¬ 
gregate  were  used  in  several  trial  mixtures.  Aggregate  property  data  on  the 
project  aggregates  and  the  laboratory  limestone  aggregate  are  given  in 
Tables  1-4. 

5.  The  portland  cement  was  a  Type  II  from  Wyoming.  Information  on  the 
cement  is  given  in  Table  5.  Results  of  tests  of  a  Class  F  fly  ash,  a  Class  C 
fly  ash,  and  the  silica  fume  used  in  the  study  are  given  in  Tables  6A,  6B,  and 
7,  respectively. 

6.  A  naphthalene-based  HRWRA  and  a  melamine-based  HRWRA  were  used  in  the 
study.  An  air-entraining  admixture  was  used  in  selected  admixtures.  Fibers 
were  incorporated  in  three  mixtures  on  a  trial  basis. 

Mixtures 

7.  Seventy-six  mixtures  were  proportioned.  Results  are  given  in  Table  8. 
In  addition  to  the  mixtures  given,  many  batches  were  discarded  when  they  were 
found  to  be  harsh  or  unworkable.  The  first  five  mixtures  were  based  on  previous 
experience  applied  to  project  material  and  using  the  recommended  dosage  of  ad¬ 
mixture.  Subsequent  mixtures  introduced  the  materials  and  proportions  required 
to  provide  a  comprehensive  study  of  all  reasonable  combinations.  Pertinent 
information  on  the  mixtures  is  given  in  the  remarks  column  of  Table  8.  Mixing 
was  done  according  to  ASTM  C  192-81. 

Tests 

8.  Tests  were  conducted  according  to  the  following  ASTM  standards: 

<3.  Slump  -  C  143-78. 

b.  Compressive  strength  -  C  39-81. 

_c .  Splitting  tensile  strength  -  C  496-79. 

d.  Modulus  of  elasticity  and  Poisson's  ratio  -  C  469-81. 

£.  Resistance  to  freezing  and  thawing  -  C  666-80. 

_f.  Length  change  on  drying  -  C  157-80. 

£.  Creep  -  C  512-82. 

9.  The  compressive  strength  specimens  were  3-in. -diameter  by  6-in. -long 
cylinders  cured  in  water  until  time  of  test.  Due  to  the  very  high  test  strength, 
compressive  specimens  were  ground  to  tolerance  on  a  surface  grinder  rather  than 
being  capped.  Electrical  resistance  strain  gages  were  used  to  record  stress- 
strain  data  for  calculation  of  modulus  of  elasticity  and  Poisson's  ratio. 


5 


Results 


Proportioning 

10.  The  proportioning  work.  Table  8,  indicated  that  it  is  indeed  possible 
to  achieve  workable,  low  W/C  concrete  with  various  combinations  of  the  selected 
materials.  Slumps  in  the  range  up  to  8  in.  were  secured  with  water-cementitious 
ratios  approximating  0.25  and  without  segregation  or  harshness  in  most  instances. 
During  the  proportioning  study,  however,  it  became  apparent  that  a  slight  re¬ 
duction  in  W/C  or  slight  increase  in  admixture  dosage  could  instantly  change 

the  workability  of  a  mixture.  A  decrease  of  0.01  in  W/C  could  make  a  mixture 
very  sticky  or  an  increase  of  0.1  percent  in  admixture  dosage  could  result  in 
a  harsh  mixture.  Apparently,  these  changes  are  the  result  of  working  near  the 
critical  minimum  amount  of  water  (W/C  =  0.25)  and  the  critical  maximum  dosage 
of  admixture  (1.0  percent  of  cement).  The  slump  test  is  not  a  good  indicator 
of  workability  under  these  circumstances.  A  high-slump  mixture  may  consolidate 
satisfactorily  yet  be  sticky  and  hard  to  move.  A  high-slump  mixture  may  even 
"flow"  during  the  slump  test,  but  be  very  harsh.  It  is  not  possible  to  relate 
the  characteristics  of  the  mixture  developed  herein  directly  to  a  field  situa¬ 
tion  due  to  variations  of  materials,  the  chemistry  of  the  cement  and  admixtures, 
and  the  differences  in  mixing  actions  and  temperature.  These  mixtures  could, 
however,  be  used  as  a  basis  for  field  mixtures  to  be  tried  under  actual  job 
conditions  with  job  equipment. 

11.  Slump  loss  tests  were  conducted  on  three  mixtures.  Nos.  38,  48,  and 
58,  to  determine  loss  of  workability  with  time.  An  initial  slump  test  was  con¬ 
ducted  immediately  after  mixing.  The  concrete  was  then  allowed  to  be  at  rest 
for  25  min,  at  which  time  it  was  remixed  for  5  min.  This  cycle  was  repeated 
until  the  end  of  the  test.  Results  are  given  in  Table  9.  Indications  are 
that  some  workability  will  be  lost  over  a  period  of  2  hr,  but  the  concrete  will 
remain  placeable  for  2  hr.  Redosing  with  admixture  is  a  viable  option  for  re¬ 
storing  workability,  but  redosing  tests  were  not  conducted  in  this  study.  Again, 
the  importance  of  these  tests  is  to  indicate  that  extended  workability  is  pos¬ 
sible  to  achieve  with  these  mixtures;  field  tests  should  be  conducted  under 
actual  project  conditions. 


12.  Compressive  strength  results  are  given  in  Table  10.  The  tests  were 
conducted  on  3-  by  6-in.  cylinders  (3  x  6)  unless  otherwise  noted.  Indications 
are  that: 

a.  Compressive  strengths  of  approximately  10,000  psi  may  be  attained 
at  7-days  age  with  the  materials  used  and  the  slump  specified. 

1>.  Compressive  strengths  of  12,000  psi  may  be  achieved  at  28-days 
age. 

c_.  Compressive  strengths  of  15,000  psi  may  be  attained  at  90-days 
age. 

d^.  Compressive  strengths  of  20,000  psi  may  be  attained  with  selected 
mixtures  at  extended  ages. 

a.  The  use  of  high-range  water- reducing  admixtures  is  necessary  to 
achieve  the  desired  strengths  at  the  required  slumps. 

_f.  Fly  ash  and  silica  fume  enhance  the  potential  for  increased 
compressive  strength. 


High-strength,  air-entrained  concrete  containing  silica  fume  is 
feasible. 

h.  Fibers  may  be  used  in  high-strength  concrete;  however,  a  signi¬ 
ficant  loss  in  workability  results. 

ji.  Lightweight  high-strength  (10,000-psi)  concrete  could  not  be  at¬ 
tained  with  the  materials  and  techniques  used  herein. 

13.  To  facilitate  comparison  of  the  two  project  aggregates,  strength 
results  are  given  in  Tables  11  and  12  for  limestone  and  granite  coarse  aggre¬ 
gates,  respectively.  A  cursory  examination  of  the  results  reveals  that  the 
granite  aggregate  produced  slightly  higher  strengths  for  comparable  mixtures. 
However,  it  is  obvious  that  15,000-psi  concrete  may  be  attained  with  either  of 
the  coarse  aggregates  and  selected  cementitious  materials  and  admixtures  used 
in  the  program. 

Splitting  tensile  strength 

14.  Splitting  tensile  strength  results  are  given  in  Table  13.  Tensile 
strengths  of  approximately  1200  psi  were  achieved  on  several  mixtures.  Thus, 
the  tensile  strength  is  approximately  9  percent  of  the  comparable  compressive 
strength.  This  compares  to  the  normally  accepted  value  of  10  percent  used  for 
conventional  concrete. 

Elastic  properties 

15.  Stress-strain  curves  for  18  specimens  tested  in  compression  to  fail¬ 
ure  are  given  in  Figures  1-18.  The  curves  for  vertical  strain  are  essentially 
linear  to  failure.  Some  nonlinearity  is  apparent  in  the  horizontal  or 


circumferential  strain.  Young's  modulus  of  elasticity  and  Poisson's  ratio  re¬ 
sults  are  given  in  Table  13.  Young's  modulus  for  the  representative  samples 
tested  approximated  6.0  x  10^  psi.  This  is  twice  the  normally  accepted  value 
for  conventional  concrete.  Poisson's  ratio  varied  somewhat  depending  on  the 
curvature  of  the  horizontal  strain  curve  and  at  what  stress  level  the  ratio  was 
computed.  Actual  values  ranged  between  0.20  and  0.25. 

Drying  shrinkage  tests 

16.  Results  of  length  change  tests,  conducted  on  mixtures  No.  22  and  35, 
are  given  in  Tables  14-17.  All  specimens  were  cured  in  water  in  accordance 
with  ASTM  C  157.  For  the  control  tests.  Tables  14  and  16,  cement  was  substi¬ 
tuted  for  silica  fume  on  a  weight  basis.  Thus,  the  total  amount  of  water  and 
the  W/C  remained  constant  for  all  four  mixtures.  On  the  1-in.  unrestrained 
bars  expansion  was  noted  in  all  mixtures.  However,  significantly  more  expan¬ 
sion  was  noted  on  the  mixtures  without  silica  fume.  Approximately  0.004  per¬ 
cent  shrinkage  was  noted  with  the  3-in.  bars  on  the  mixtures  containing  silica 
fume  at  100-days  age. 

Resistance  to  freezing  and  thawing 


17.  Tests  for  resistance  to  freezing  and  thawing  were  conducted  on  three 
mixtures;  one  air-entrained  limestone  coarse  aggregate  mixture,  one  air- 
entrained  granite  aggregate  mixture,  and  one  nonair-entrained  granite  mixture. 
Results  are  given  in  Tables  18,  19,  and  20.  After  300  cycles  of  freezing  and 
thawing  all  mixtures  had  a  relative  modulus  (E)  of  at  least  80  percent.  At 
approximately  350  cycles  both  granite  mixtures  (air-  and  nonair-entrained)  had 
a  modulus  of  about  85  percent  but  the  air-entrained  limestone  mixture  had 
dropped  to  approximately  70  percent.  At  approximately  400  cycles  the  granite 
mixtures  still  had  a  modulus  of  approximately  80  percent,  but  the  limestone 
mixture  had  dropped  to  50  percent.  All  testing  was  terminated  when  the  modulus 
decreased  to  50  percent  on  each  of  the  three  mixtures.  Apparently,  the  combi¬ 
nation  of  a  very  dense  rock  (granite)  and  a  very  low  W/C  provided  excellent 
resistance  to  freezing  and  thawing.  It  would  appear  that  the  nonair-entrained 
concrete  did  not  achieve  critical  saturation  with  water  under  the  test  condi¬ 
tions  used. 


Creep  tests 

18.  Creep  tests  were  conducted  on  specimens  from  mixture  No.  22  with 
and  without  silica  fume  in  accordance  with  ASTM  C  512-82.  The  creep  load  was 
2000  psi.  Results  for  total  strain,  creep  strain,  and  specific  creep  up  to 
3-months  age  are  given  in  Figures  19-24.  At  90-days  age  indications  are  that 
(a)  creep  is  essentially  equal  for  mixtures  with  and  without  silica  fume,  (b) 
total  strain  approximated  500  millionths,  (c)  creep  strain  approximated  200 
millionths,  and  (d)  specific  creep  was  approximately  0.1  millionth  per  psi. 

Conclusions 


19.  The  results  of  this  investigation  indicate  the  following: 

_a.  It  is  feasible  to  achieve  15,000-psi  compressive  strength  con¬ 
crete  with  selected  cementitious  materials  and  aggregates  from 
the  Wyoming  area. 

b.  Some  workability  may  be  lost  over  a  time  period  of  2  hr;  thus, 
this  phenomenon  should  be  investigated  under  job  conditions. 

c:.  Tensile  strengths  approximating  1200  psi  were  achieved.  Modulus 
of  elasticity  was  approximately  6.0  x  10^  psi  and  Poisson's  ratio 
was  approximately  0.20. 

d.  Shrinkage  of  typical  high-strength  concrete  containing  silica 
fume  was  indicated  to  be  on  the  order  of  0.004  percent  at  100 
days  in  water. 

e.  Freeze- thaw-resistant  concrete  was  achieved  with  both  project 
aggregates  in  an  air-entrained  mixture.  In  addition,  a  nonair- 
entrained  mixture  with  the  granite  aggregate  developed  signifi¬ 
cant  freeze-thaw  resistance. 

f.  Creep  was  essentially  equal  for  mixtures  with  and  without  silica 
fume,  approximating  200  millionths  of  strain  at  3-months  age 
under  2000  psi  of  stress. 


Recommendations 

20.  It  is  recommended  that  (a)  all  materials  and  procedures  to  be  used 
on  a  specific  project  be  tested  in  the  laboratory  for  basic  property  informa¬ 
tion,  and  (b)  selected  mixtures  be  tested  in  the  field  under  expected  environ¬ 
mental  conditions  prior  to  actual  job  use. 


V'WA 


STATE 

INDEX  NO. 

AGGREGATE 

TESTED  BY  TGR 

LAT. 

LONG 

DATA  SHEET 

29  Anril  1983 

LAS  SYMBOL  NO.: 

0M19  G-2 

TYPE 

OF  material  Limestone  No.  4  to  1  in 

location.  Granite  Canvon.  Wvomine 

Omaha  District 

PRODUCER:  G. 

W.  Suear:  Harriman.  Wvomina 

sampled  ev  Omaha  District 

TESTED  FOR _ 

USED  AT; 


PROCESSING  BEFORE  TESTING: 


GEOLOGICAL  FORMATION  AND  AGE 


REMARKS: 


Table  3 


STATE 

INDEX  NO. 

AGGREGATE 

TESTED  by  TGR 

LAT, 

LONG 

OATA  SHEET 

DATE  29  April  1983 _ 

lab  SYMBOL  NO.  QH  19  S—  1 _ 

locat.on  Granite  Canyon.  Wyoming 
_ Omaha  District _ 


type  OF  material  Llmestine  Sam 


sampled  by:  Omaha  Distrlc 

TESTEO  FOR: 


PROCESSING  BEFORE  TESTING. 
GEOLOGICAL  FORMATION  AND  AGE. 


GRADING  (CRD-C  103)  (CUM.  PASSING): 


TEST  RESULTS 


BULK  SP  GR,  S.S.O-  ICRO-C  107,  108) _ 

ABSORPTION.  T  (CRD-C  107,  108): 

ORGANIC  IMPURITIES,  FIG.  NO.  (CRD-C  121) 

SOFT  PARTICLES.  ~  (CRO-C  QO) _ 

\  LIGHTER  THAN  SP  GR _ -  (CRO-C  (22) _ 

2  FLAT  AND  ELONGATED  (CRD-C  119,  120) _ 

WT  AV  -  LOSS,  S  CYC  MjSOi  (CRD-C  US) _ 

L.A.  ABRASION  LOSS,  (CRD-C  117,  14S)  GRADING^ 

UNIT  WT,  LB/CU  FT  ICRD-C  IQfe): _ 

FRIABLE  PARTICLES,  (CRO-C  M2) _ 

SPEC  HEAT.  BTUXB/OEG  F.  (CRO-C  124) _ 


REACTIVITY  WITH  NoOH 
(CRO-C  128) 


NO.  SO _ 

NO.  100 _ 

NO.  200 
-200,0t  _ 

F.M.1^ _ 

10)  CRD-C  105 


MORTAR-MAKING  PROPERTIES  (CRD-C  116) 

TYPE  CEMENT,  RATIO:  DAYS  *.  .  ,  _  ||._OAVSr 

LINEAR  THERMAL  EXPAnSIQN;MILLIONTHS  PEG  F.  (CRO-C  125.  126): 
r  ”  ROCK  TYPE 


10)  CRD-C  I  05 _ (b)  CRO-C  104 _  1 

MORTAR-BAR  EXPANSION  AT  100F,  T  (CRO-C  123) 


FINE  AGGREGATE 


COARSE  AGGREGATE 


LOW-ALK.  CEMENT  »  NA2Q  EQUIVALENT: 

NIGH-ALK.  CEMENT  *.  NOjO  EQUIVALENT 

SOUNDNESS  IN  CONCRETE  (CROC  40,  I  14 1 : _ 

FINE  AGG. _ _  _ COARSE  AGG 

FINE  AGG.  COARSE  AGG 

| - 

I  PETROGRAPHIC  DATA  <CRO-C  127) 


.  ‘\  v\*v  W’ 


. 

.•VV.-VvV,VvJV.' 


^  /  V  V  V.V  /  V  v.v. 


Table  5 


REPORT  OF  TESTS  OF 
PORTLAND  CEMENT 


Structures  Laboratory 
Waterways  Exp  Station 
ATTN:  Ken  Saucier 
P.  0.  Box  631 
Vicksburg,  MS  39180 

TES’-  NO.  y 

’■ON. 


COMPACT  Monolith 


WENT  DDES  X  MEET  SPECIFICATION  REQUIREMENTS 


RC  894 


CWT  REPRESENTED. 


FROM.  CORPS  OF  ENGINEERS 
U.  S.  ARMY 

Structures  Laboratory 
Waterways  Exp  Station 
ATTN:  Cem  &  Pozz  Unit 
P.  0.  Box  631 
Vicksburg,  MS  39180 

I  DATE: 


DAT  E  SAMPLED  2 


20.6  I 


;  0.9  ! 


'  2.8  ' 


INSOLC6-E  RESIDUE.  * 

0.52 

i 

CaO.  *.  1 

64.5 

l 

AC  G 


■  '0®AT:0n.  29D. 


RE  A  «Q  CM  G  '  4  P  ) 


:;wp.  strength.  3  O.  pS» 


MR  STRENGTH. 


4030  < 


8  I 


3600 


FALSE  SET-PEN.  F  I. 


sample  n 


NlTIAL  SET.  HR  'MIN 


AC  SET.  mR  "4iN 


sample  NO. 


AjTOCLAve  EAR.,  * 


iNIT'Al  SET.  HR'MiN 


F.NAc  SET.  mR/MIN 


REMARKS:  mj  „l 


High  Strength  Concrete  Program  -  Ken  Saucier 
cc:  Don  tfalley 


ThE  INFORMATION  GIVEN  IN  THIS  REPORT  Sm»lL  NOT  3E  U  S&<3  IN  AOVeX^JJnG  OR  SALEa  PPO^OT  ION  TO  INDICATE  EITHER  EXPLICITLY 
or  implicitly  Endorsement  of  this  prooult  a»  the  i^'s.  covernmint?  J  • 


'TV* 


-  -N  -*•  ->  -■W-N  .•..  O  . 

*  -  •  «  *r.  •  - 


Table  6A 


REPORT  OF  TESTS 
ON  POZZOLAN 

SS-C-1960/5 


REPORT  NO.: 

WES-319F-79 


AD-590 


DATE:  16  July  79 


KINO  OF  POZZOLAN:  Fly  Ash 


source:  williams  Bros.,  Atlanta,  GA 


TEST  RESULTS  Or  THIS  SAMPLE  LOT  COMPLY  [_]  DO  NOT  COMPLY  WITH  SPECIF ICATlON  LIMITS  (SEE  REMARKS! 


FOR  USE  AT 


OISTRICT(S): 


SAMPLED  BY 


CAR  NO. 


r  SAMPLED:  2  JU1V  79 


DATE  RECEIVED:  2  JlllV  79 


tested  ov.  Cem  &  Pozz  Testing  Branch 


TESTS  ON  COMPOSITE  OF  THE  100-TON  SAMPLES  LISTED  BELOW 


LAB  JOB  NO. 


CHECKEO  BY: 


SiOt  ♦  AlfO, 
♦  F.#Ot 


AVAILABLE 

POZZOLAN 

INCREASE  IN 

AUTOCLAVE 

ALKALIES 

STRENGTH 

shrinkage 

EXPANSION 

* 

%  CONTROL 

”  (si 

* 

REDUCTION  IN 
EXPANSION 

x  (Si 


REQUIREMENTS 


MAX  I.S  |  M»N  TS 


TEST  RESULTS 


0.65  I 


TESTS  ON  SAMPLES  REPRESENTING  100  TONS  OR  LESS 


MOISTURE 

CONTENT 

% 


LOSS  ON 
IGNITION 
% 


SPECIFIC 

GRAVITY 


SP  GR 
VARIATION 
FROM 

AVERAGE  OF 
PRCCEOING 
10.  % 


REQUIREMENTS 


MAX 

5 


TEST  RESULTS 


M  APPLICABLE  ONLY  TO  CLASS  N 
<M  OPTIONAL  REQUIREMENT 


REMARKS:  MCCtS  7 


LABORATORY  CEMENT  USED 
LABORATORY  LIME  USED  . 


441-S920, 19SC42 


ay  specification  requirements. 


ay  tes 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


NOTE:  TME  INFORMATION  GIVEN  IN  THIS  REPORT  SMALL  NOT  BE  LSEO  IN  ADVERTISING  GR  SALES  PROMOTION  TO  INOICATE  EITHER 
EXPLICITLY  OR  IMPLICITLY  ENDORSEMENT  OF  THIS  PRODUCT  BY  THE  U.  ».  GOVERNMENT. 


IM  romm  mo. 
1  ABB  « 


Table  6B 


REPORT  OF  TESTS 
ON  POZZOLAN 


REPORT  NO. 

WES-42C-83 


AD  712 


Structures  Laboratory 
Waterways  Exp  Station 
ATTN:  Cem  &  Pozz  Unit 
P.  0.  Box  631 
Vicksburg,  MS  39180 


CLASS  p  (c  '  N 


solbce  Bayou  Ash,  New  Roads,  LA 


TEST  RESULTS  OR  THIS  SAMPLE  LOT  Qt  COMPLY  0  DO  NOT  COMPLY  RITH  SPECIFICATION  LIMITS  (SEE  REMARKS) 


»on  use  at.  Old  River  Auxiliary  Structure 


23  February  1983 
23  March  1983 


KINO  OF  POZ  ZOLAn 


CONTRACT  NO.. 


OISTRICT(S): 


SAMPLED  BY: 


CAR  NO. 


FIELO  SAMPLE  NO 


DATE  RECEIVED 


DATE  SAMPLED  g 


11  Feb  83 


LAB  SAMPLE  NO.: 


LAB  JOB  NO. 


TESTED  BY: 

Cem  & 

Pozz  Unit 

CHECKED  BY: 

TESTS  ON  COMPOSITE  OF  THE 

OO-TON  SAMPLES  LISTEO  BEL0* 

s«o2  ♦  aI2o, 

*  F,t°> 

- 

MgO 

I 

AVAILABLE  1 
ALKALIES  | 

_ 1 _ L 

l 

POZZOLAN  |  INCREASE  IN 
STRENGTH  SHRINKAGE 

%  CONTROL  j  (O) 

_ 1 _ 

AUTOCLAVE 

EXPANSION 

REDUCTION  IN 

EXPANSION 

lb) 

REQUIREMENTS 

MIN  70.0 

MAX  S.O 

«*»5.0  i 

M A X  1 . 50 

MIN  75  |  MAX  0.03 

■»»  0.8 

MIN  75 

TEST  RESULTS 

TESTS  ON  SAMPLES  REPRESENTING  1  00  TONS  OR  LESS 

I  [  j Fineness i  %  pcs  • 

SAMPLE  MO'STURE  .  LOSSON  325  MCSh  iVAT  fr°mPOZZOLAN 

N0  CONTENT  .  IGNITION  Sieve  %  avg  prev  STRENGTH 

Retained  10 

WATER  VARIATION 

REQUIREMENT  spEC,Flc  F*0M 

7  Of  GRAVITY  AVERAGE  OF 

“RECEOING 

Control 

REQUIREMENTS 

TEST  RESULTS 


2  1830 


98  2.75 


(•)  APPLICABLE  ONLY  TO  CLASS  N 
lb)  OPTIONAL  REQUIREMENT 


LABORATORY  CEMENT  USED 
LABORATORY  LIME  USED 


Meets  7  day  specif iCatiorfy 


uiremeAts,  *28-day  test  results 


R.  E.  REINHOLD 

Chief,  Cement  &  Pozzolan  Unit 


NOTE:  THE  INFORMATION  GIVEN  IN  THIS  REPORT  SHALL  NOT  BE  USED  'N  ADVERTISING  OR  SALES  PROMOTION  TO  INOICATE  EITHER 
EXPLICITLY  OR  IMPLICITLY  ENDORSEMENT  OF  THIS  PRODUCT  BY  THE  U.  S.  GOVERNMENT. 


(M  f  OR*  NO 
I  A  VO  ST 


*  *-v«% 


V5irY 


Table  7 

CORRECTED  12  APRIL  1983 


LABORATORY 

Structures  Laboratory 
Wacerways  Exp  Station 
ATTN:  Cem  &  Pozz  Unit 

REPORT  OF  TESTS 

ON  POZZOLAN 

P.  0.  Box  631 

Vicksburg,  MS  39180 

AD  536(5) 

REPORT  NO.: 

WES-43S-83 


o»tc  23  February  1983 
28  March  1983 


cu.ss  -  n  f  of  poi zou-*. 


source  Reynolds  Metals 


Silica  Fume 


mVke:  2584.  e=*0.727 


"  "  "  3806.  e=0. 700 


"  "  "  4783.  e=0. 678 


Extrapolated  m  /kg: 1278 


Date  Sampled:  10  Feb  83 


FIELD  SAMPLE  NO.: 


DATE  RECEIVED:  1  1  Feb  83 


-esteo  by  Cem  &  Pozz  Unit 


•-ESTS  ON  COMPOSITE  OP  THE  100-TON  SAMPLES  LISTEO  BELOW 


5*0-  ♦  Al-O,  |  * 


LAB  SAMPLE  NO.' 


LAB  JOB  NO. 


CHECKED  BY: 


"2  " 

*  F*  .O, 


M  Q  I  AVAILABLE  J  POZZOLAN  |  INCREASE  IN  .  AUTOCLAVE  |  REDUCTION  IN 

*  *  j  ALKALIES  STRENGTH  J  SHRINKAGE  |  EXPANSION  I  EXPANSION 

|  “-CONTROL  ~  fOl  i  .  *1  *  \  <k>) 


REQUIREMENTS 


MAX  5.0  MAx5.0  I  MAX  1*50  MIN  78  1  MAX  0.03  MAX  0.8  *  MIN  75 


rEST  RESULTS 


TESTS  ON  SAMPLES  REPRESENTING  <00  TONS  OR  LESS 


Fineness]  %  pts 


i  sample  moist.jrc  lcsson  325  Mesh  'var  fromP0:“i^AN  requirement 

1  Q  CONTENT  '  IGNITION  y  .T«NrTH  <v  c 

HO  Sieve  /o  avg  prevSTR**G™  %  of 

Retained!  10  Control 


REQUIREMENTS 


SPECIFIC 

GRAVITY 


SP  GR 
VARIATION 
FROM 

AVERAGE  OP 
PRECEDING 
10. 


1  i  1 


f  Hvdr 


Porltland  Cement.  RC  883(4 


MAX 

5 


TEST  RESULTS 


.  2140  l  *  120 


MAX 

I 

|  MAX 

105 

S 

L,«*HHM«fil*Biliill 


85a  +  AD536(5 


miaxm 


28  days 


'•>  APPLICABLE  ONLY  TO  CLASS  N 
OPTIONAL  REQUIREMENT 


LABORATORY  CEMENT  USED 
LABORATORY  LIME  USED 


*Fails  water  requirement^  "'WJ'  )  / 

R.  E.  RE INH0LD 

_ _  Chief,  Cement  &  Pozzolan  Unit 


NOTE  Tnf  INFORMA  T  *  On  GIVEN  in  this  REPORT  SHALL  NOT  BE  USEO  IN  ADVERTISING  OR  SALES  PROMOTION  TO  INOICATE  EITHER 
_ EXPLICITLY  OR  IMPLICITLY  ENDORSEMENT  OP  Thi$  PRODUCT  BY  THE  U.  S.  GOVERNMENT. 
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WES  3/4  limestone  aggregate 
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Mixture  No.  48 

W/C  material:  0.24 
S/A  percent  volume:  40  2 

Cement/silica  fume  content  lb/yd  each:  859/139 
WES  3/4  limestone  aggregate 

W.  R.  Grace  D-19  HRWR  1.0%  by  wt.  cement  materials. 
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W/C  material:  0.24 

S/A  percent  volume:  40  2 

Cement/silica  fume  content,  lb/yd  each:  799/141 

WES  3/4  limestone  coarse  aggregate 

W.  R.  Grace  D-19  HRWR  1-1/4%  by  wt  cement  materials. 
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Mixtures  with  Proiect  Limestone  Coarse  Aggregate 


Cement/ 
Silica  Fume/ 

HRWR 

No. 

Fly  Ash, 

%  of 

Slump , 

Compressive  Strength,  psi,  at  Days 

Batch  W/C 

Cmt  Mtls 

in. 

6-7  14  28  90+ 

0.27 

940/0/0 

0.28 

940/0/0 

0.30 

940/0/0 

0.32 

940/0/0 

0.32 

940/0/0 

0.30 

799/141/0 

0.28 

799/141/0 

0.28 

799/141/0 

0.30 

799/141/0 

0.24 

799/141/0 

0.24 

959/169/0 

0.22 

959/169/0 

0.24 

799/141/0 

0.24 

799/0/141 

0.24 

658/141/0 

0.24 

658/141/141 

0.24 

658/141/141 

0.24 

799/141/0 

0.24 

846/94/0 

0.24 

959/169/0 

0.24 

1143/0/0 

No. 

Batch 


Cement/ 
Silica  Fume/ 
Fly  Ash, 

lb/yd3 


HRWR 
%  of 

Cmt  Mtls 


Slump,  Compressive  Strength,  psi,  at  Days 
in.  6-7  14  28  90+ 


Table  13 

ELASTIC  PROPERTY 

RESULTS 

Mixture 

No. 

Young's  Poisson's 

Modulus  g  Ratio 

psi  x  10  v 

Compressive 

Strength 

28  Days 
psi 

Split  Tensile 
Strength 
psi  % 

11,560 

— 

12,910 

- 

14,260 
(35  days) 

1140 

(31  days) 

16,440 

1260 

(35  days) 

(31  days) 

14,220 
(32  days) 

1180 

(29  days) 

13,350 
(31  days) 

1220 

(28  days) 

16,590 
(31  days) 

1440 

(28  days) 

7,120 
(18  days) 

EXPANSION  DATA  SHEET  Labja_  Field _  Page _ of _ Pages 


0ct  28  28  0. 1431  0.011  0.1266  0.013  0.012 _ 0.1377  -0.004  0.1341  -0.00 

Jan  10  101  0.1444  0.024  0.1279  0.026  0.025  0.1389  0.008  0.1352  0.00! 


EXPANSION  DATA  SHEET  Lab _jo_  Field _  Page of _ Pages 
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fable  18 


nrxwm 


S™BOL  JOB  NO:441-S5 


PROJECT: 


DATE  PLACED:  8/8/8  3 _ DATE  CORED: 


time  agg:  Limestone  OM  19  S-l 


CEMENT  RC  (894(1)  TH.  C.F.  B/CY. 


AIR  I  TOTAL  A  .  0  IN-1  1/2: 


TH.  UW.  LB/CU.  FT: 


INITIALS:  DMW 


m 


DATA  SHEET  FOR  HARDENED  CONCRETE  SPECIMENS 

(CRO  C  13,  25,  40.  47,  114,  38,  36,37,  35,124) 


JOB  NO:441-S591  MEMO  NO  DATE: 


SPECIMEN  TYPE:  ' 


DATE  CORED:  CURING:  TYPE:  Inunda  ted  Fot  Room  OURATION:  28 


OM  19  S-l  COARSE  AGG:  Limestone  OM  19  G-2  max.  1  in. 


TH.  C.F.  B/CY. _ ACT.  c.F.  b/cy:  94Q  cmt+sllfume  S/A* VOL  40 


IN-11/2:  W/C  GPB  0.?4  SLUMP  IN.  (-1  1/2): 


ACT.  U.W.  (PLASTIC):  ADMIX: 


FAT  BEAMS  FAT  10" CORES  SPEC.  HEAT  HWCD 
C  114  Q  C  13  Q  C47  Q  C3S.124  0  C40  □ 


SHRINKAGE  HEAT  RISE 

C25  □  CSS  □ 


DIFFUSIY 
C  36,  7  □ 


OTHER  □ 

SEE  REMARKS 


DATE: 


SPEC.  NO. 


TEST  RESULTS 


—I - 1 50 


SPEC.  ‘  cvumu  *°  CTCLES  INIT. 

NO.  B°L  Drt  E-SO  I  TOTAL  FREQ  I  ARKS 


20  a  SPEC.  HEAT  RISE,  F  DIFF,  SPEC. 
2  NO.  70  I  140  FT'/  HR  HEAT 


150  200  250  300 

NO.  OF  CYCLES  (A)  <B):  TIME  HR  (C) 


DENSITY  (HARDENED)  LB/CU.  FT- 
INITIALS:  _ 


(A)  FOR  3  1/2  X  4  1/2  X  16-IN  BEAMS  INITIALS:  _ 

(B)  FOR  CORE  SPECIMENS 

(C)  FOR  TEMPERATURE  RISE  ^  TRIAL  MIXT  NQ  .  66  (T£ST  MIXT:  NO  CONTROL) 


RELATIVE  E  AT  NO.  OF  CYCLES  SHOWN 


ISHRI 


DATE  TEST 
COMPLETED: 


9782  I  100  96  96  96  95  93  77 


REPORT  OF  EXAMINATION  AFTER  TEST 


Relative  E  at  No.  of  Cycles  Shown 


Cycles 

380 

430 

9781 

64 

45 

9782 

43 

49 

9783 

48 

— 

W.  R.  Grace  HRWR  DAXAD  19  (dry)  1-1/4%  by  wt  cmt  mtls  (cmt+fume) 
AEA  AMEX  210  6  fl  oz  per  cwt  cmt  mtls  (cmt+fume) 


rn  nut  534 

MET.  MAM.  SO 


nwe  ao&  Limestone 
CEM£NT.  RC  894  (2) 

AIR  t  TOTAL:  S  ft _ 

TH.  U.W.  LB/CU.  FT: 


Table  19 

DATA  SHEET  FOR  HARDENED  CONCRETE  SPECIMENS 

_ CCRD-C  13,  25,  40,  47,  114,  38,  36,37,  35,124) _ 

JOB  NO:  441-S592  MEMO  NO; _ DATE:  8- 9 -8 3  INITIALS:  DMW 


Room _ DURATION:  28  D 

=1 _ “^l-i/y 

t+si  1  fume _ S/A.1V?L: _ 4D _ 

SLUMP  IN.  (-11/2):  Q-j/2 _ 

ADMIX: 


PROJECT:  fl  T 

GHnSTR 

CONC  SPECIMEN  TYPE:  ^ 

DATE  PLACED: 

8/978“ 

DATE  CORED:  CURING:  TYPE:  1 

TH.  C.F.  B,  CY: 
IN- 1  1/2: 


_ CQARS€-^-G  r  a  n  i.  t  e  QE 

_ ACT.  C.F.  B/CY:  C 

_ W/C  GPB  0.24 

ACT.  U.W.  (PLASTIC): 


FAT  BEAMS  FAT  10"  CORES  SPEC.  HEAT  HWCD 
C1U  Q  CI3Q  C47  □  C 35.  124  0  C40Q 


SHRINKAGE  HEAT  RISE  DIFFUSIV.  OTHER  0 

C25  0  C30  0  C36.7  0  SEE  REMARKS 


TEST  RESULTS 

I  i50 


2  70  40 


SYMBOL  DFE 


NO.  CYCLES  INIT.  REM  - 

E-50  I  TOTAL  FREQ  ARKS 


20  a:  SPEC.  HEAT  RISE,  F  DIFF,  SPEC. 

5  NO.  7  D  I  14  D  fT*/  HR  HEAT 


100  150  200 

NO.  OF  CYCLES  (A)  (B*  TIME  HR  (C) 


(A)  FOR  3  1/2X4  1/2  X  16-IN  BEAMS  III 

(8)  FOR  CORE  SPECIMENS 

(C)  FOR  temperature  RISE  LAB  TRIAL  MIXT  NO.  67  (TEST  MIXT) 
spec.  NO.  RELATIVE  E  AT  NO.  OF  CYCLES  SHOWN 


DENSITY  (HARDENED)  LB/CU.  FT’ 
INITIALS:  _ 


Cycles 

0 

58 

119 

165 

200 

246 

307 

346 

9784 

100 

99 

97 

97 

96 

96 

88 

81 

9785 

100 

97 

97 

97 

97 

96 

90 

82 

9786 

100 

97 

96 

96 

96 

95 

95 

94 

DATE  TEST 
COMPLETED: 


_ REPORT  OF  EXAMINATION  AFTER  TEST 

Relative  E  at  No.  of  Cycles  Shown 


Cycles 

395 

437 

9784 

77 

31 

9785 

79 

29 

9786 

93 

27 

REMARKS: 

W.  R.  Grace  HRWR  DAX49-19 (dry )  1-1/4%  by  wt  cmt  mtls  (cmt+fume) 

AEA  AMEX  210  8  fl  oz  per  cwt  cmt  mtls  (cmt+sil  fume) 


_ Table  20 _ 

DATA  SHEET  FOR  HARDENED  CONCRETE  SPECIMENS 

(CROC  13.  25,  40,  47,  114,  38,  36,37,  35,124) 


JOB  NO:  441-S592  MEMO  NO  DATE: 


PROJECT:  HIGH  STR  CONC 


DATE  PUCED:  8/9/83  DATE 


fine  ago  Limestone  OM 


AIR  t  TOTAL. 


TH.  U.W.  LB/CU.  FT: 


DATE  CORED: 


OM  19  S-l 


TH.  C.F.  B/CY: 


m-i  i/2-. 


specimen  type:  3-1/2  x  4-1/2  x  16  in 


curing:  type:  Inundated  Fog  Room 


coarse  agg:  Granite  19  G-l 


act.  c.f.  b/cy: 940  cmt+silfume 


W/C  GPB 


ACT.  U.w.  (PLASTIC):  ADMIX: 


DURATION:  , 


MAX.  1- 1  /iN. 


S/A  J  VOL  40 


HEAT  RISE 
C3 fi  □ 


DIFFUSIV, 
C  36,  7  0 


OTHER  □ 

SEE  REMARKS 


TEST  RESULTS 


NO.  OF  CYCLES  (A)  (B):  TIME  HR  (C) 


I  NO 

nrciEs  1 

lisai^! 

DIF  ft, 
FT*/  HR 

SPEC. 

HEAT 

-| 

DENSITY  (HARDENED)  LB/CU.  FT 
INITIALS:  _ 


(A)  FOR  3  1/2X4  1/2  X  IfrfN  BEAMS  INITIALS:  _ 

<B>  FOR  CORE  SPECIMENS 

(O  for  temperature  rise  LAB  Mlxx  N0.  68  (CONTROL  MIXT  FOR  NO.  67) 
spec.  no.  I  RELATIVE  E  AT  NO.  OF  CYCLES  SHOWN 


Cycles 

0 

58 

119 

165 

200 

246 

307 

346 

9887 

100 

99 

99 

99 

98 

97 

96 

93 

9888 

100 

96 

98 

98 

98 

97 

96 

95 

9889 

100 

97 

96 

96 

96 

96 

91 

80 

REPORT  OF  EXAMINATION  AFTER  TEST 


Relative  E  at  No.  of  Cycles  Shown 


Cycles 

395 

437 

9887 

83 

31 

9888 

85 

30 

9889 

72 

26 
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GRAPH  PAPER  EUGENE  DIETZGEN  CO 


GRAPH  PAPER  EUGENE  DIETZGEN  CG 


DIETZaCN  GRAPH  PAPER  EUGENE  DIETZOEN  CO 


CTZQCN  GRAPH  PAPER  EUOENE 


COMPRESSIVESTREKGTH  • 


Total 


